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(57) ABSTRACT 
A vehicle drive system, including a motor generator, a gear 
group having a plurality of gears; and a motor cooling circuit 
for cooling the motor generator. The system further includes 
a lubricating circuit for lubricating the gear group; a cooler 
circuit in which an oil cooler is provided; and an oil pump that 
Supplies oil to each circuit. The motor cooling circuit is 
arranged in series with and downstream of the cooler circuit, 
and the lubricating circuit is arranged parallel to the cooler 
circuit with respect to the oil pump. 

19 Claims, 6 Drawing Sheets 

  



US 8,708,855 B2 Sheet 1 of 6 Apr. 29, 2014 U.S. Patent 

1 F I G 

-1 

66 

COOLER 

22-/ 

  



US 8,708,855 B2 Sheet 2 of 6 Apr. 29, 2014 U.S. Patent 

  



US 8,708,855 B2 Sheet 3 of 6 Apr. 29, 2014 U.S. Patent 

N 

”ZZZZZZZZZZZZZZZZÌZ?Z Z 
Z9 

68 

GGZ 
eGZ 

    

  



U.S. Patent Apr. 29, 2014 Sheet 4 of 6 US 8,708,855 B2 

  





US 8,708,855 B2 Sheet 6 of 6 Apr. 29, 2014 U.S. Patent 

©ZZZZZZZZZZZZZ, Z ZV ZW ZZT ZY, Z 

  

  

  



US 8,708,855 B2 
1. 

VEHICLE DRIVE SYSTEM 

INCORPORATION BY REFERENCE 

The disclosure of Japanese Patent Application No. 2010 
074876 filed on Mar. 29, 2010 including the specification, 
drawings and abstract is incorporated herein by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a vehicle drive system that 
includes a motor generator. 

DESCRIPTION OF THE RELATED ART 

In a vehicle drive system that includes a motor generator 
and is installed in a hybrid, electric, or other vehicle, the 
motor generator is incorporated inside a case. The motor 
generator generates heat while driving and must be cooled. 
This is because the generated heat lowers the performance of 
the motor generator. 

Therefore, the vehicle drive system that includes the motor 
generator may also include a motor cooling circuit for Sup 
plying oil to cool the motor generator. In Such a vehicle drive 
system, the motor generator is cooled by Supplying oil dis 
charged from an oil pump to the motor generator (mainly a 
stator core and a coil end) through the motor cooling circuit 
(see Japanese Patent Application Publication No.JP-A-2009 
136070). 

SUMMARY OF THE INVENTION 

However, in addition to the motor cooling circuit, the 
vehicle drive system that includes the motor generator also 
requires a lubricating circuit for Supplying oil to lubrication 
elements such as gears that are provided inside the drive 
system. In other words, this type of vehicle drive system 
needs both a lubricating circuit and a motor cooling circuit. 
Motor generators in recent years are achieving higher output, 
making efficient cooling of the motor generator increasingly 
important. 

Here, the motor generator can be efficiently cooled by 
Supplying a large amount of oil cooled by an oil cooler to the 
motor generator. That is, arranging the motor cooling circuit 
and the lubricating circuit in series with the oil cooler should 
be sufficient. However, while the motor cooling circuit neces 
sitates a large flow of oil, a large flow of oil is not desirable for 
the lubricating circuit. This is because a large flow of oil in the 
lubricating circuit would increase the oil passing resistance of 
oil to be Supplied to the hole portions of gears and shafts. 
Greater oil passing resistance in the lubricating circuit may 
result in circuit damage due to the increased hydraulic pres 
sure inside the circuit (especially near the oil cooler), lower 
oil pump efficiency, and other problems. 
The present invention was devised in order to solve the 

problems described above. It is an object of the present inven 
tion to provide a vehicle drive system that efficiently cools a 
motor generator and improves oil pump efficiency while Sup 
pressing an in-circuit hydraulic pressure increase. 
An embodiment of the present invention devised to solve 

the problem described above is a vehicle drive system that 
includes a motor generator, a gear group having a plurality of 
gears, a motor cooling circuit for cooling the motor generator, 
a lubricating circuit for lubricating the gear group, a cooler 
circuit in which an oil cooler is provided, and an oil pump that 
supplies oil to each circuit. In the vehicle drive system, the 
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2 
motor cooling circuit is arranged in series with and down 
stream of the cooler circuit, and the lubricating circuit is 
arranged parallel to the cooler circuit with respect to the oil 
pump. 

In the vehicle drive system, the motor cooling circuit is 
arranged in series with and upstream of the cooler circuit. 
Therefore, oil cooled by the oil cooler can be directly supplied 
to the motor cooling circuit. Here, the lubricating circuit is 
arranged parallel to the cooler circuit with respect to the oil 
pump. In the lubricating circuit, oil is Supplied to the hole 
portions of gears and shafts, so the lubricating circuit has 
greater oil passing resistance than the motor cooling circuit. 
This facilitates the flow of oil discharged from the oil pump 
toward the motor cooling circuit so that a large flow of oil can 
be supplied to the motor cooling circuit. 

Thus, since a large flow of cooled oil can be supplied to the 
motor cooling circuit, the motor generator can be efficiently 
cooled. In addition, since oil that has been cooled is used to 
cool the motor generator, the flow of oil supplied to the motor 
cooling circuit can be suppressed. Therefore, downsizing of 
the oil pump can also be achieved. 

Here, because the motor cooling circuit has little oil pass 
ing resistance, the in-circuit hydraulic pressure does not 
increase even with a large oil flow. Meanwhile, although the 
lubricating circuit has large oil passing resistance, a large 
amount of oil does not flow to the lubricating circuit so the 
in-circuit hydraulic pressure does not increase. Accordingly, 
in the vehicle drive system, circuit damage can be suppressed 
and the efficiency of the oil pump can be improved while also 
Suppressing a hydraulic pressure increase inside the circuits. 

In the vehicle drive system described above, the lubricating 
circuit preferably has greater oil passing resistance than the 
motor cooling circuit and the cooler circuit. 

This further facilitates the flow of oil discharged from the 
oil pump toward the motor cooling circuit so that a large flow 
of oil can be reliably supplied to the motor cooling circuit. 
Consequently, since a large flow of cooled oil can be reliably 
Supplied to the motor cooling circuit, the motor generator can 
be cooled with even greater efficiency. 

In the vehicle drive system described above, an upstream 
portion of the lubricating circuit is preferably provided with 
an orifice. Note that the upstream portion of the lubricating 
circuit refers to a portion up to where an oil passage for 
Supplying oil to lubrication elements such as the gear group 
branches. 

Providing an orifice in the upstream portion of the lubri 
cating circuit enables easy control of a proportion of the oil 
flow of the motor cooling circuit to the oil flow of the lubri 
cating circuit. Thus, since a required oil flow can be reliably 
Supplied to the motor cooling circuit, the motor generator can 
be efficiently cooled. 
The vehicle drive system described above preferably fur 

ther includes a pressure regulating valve that regulates a pres 
Sure of oil discharged from the oil pump and Supplied to each 
circuit. The pressure regulating valve preferably regulates 
such that a target flow of oil or more is supplied to the motor 
cooling circuit, and the pressure of the oil stays within a 
withstand pressure limit of each circuit. In addition, a dis 
charge port of the pressure regulating valve is preferably 
connected to an intake port of the oil pump. 
By providing this type of pressure regulating valve, a drop 

in the efficiency of the oil pump and circuit damage caused by 
a rise in hydraulic pressure inside the circuits can be reliably 
Suppressed. Because the discharge port of the pressure regu 
lating valve is connected to the intake port of the oil pump, oil 
discharged from the pressure regulating valve directly returns 
to the oil pump without returning to an oil pan. This decreases 
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the amount of oil that the oil pump intakes from the oil pan, 
and the pressure loss when oil passes through a strainer can be 
reduced accordingly. Therefore, due to the improved effi 
ciency of the oil pump, the oil pump can be downsized and 
manufacturing costs can be reduced. 

In Such case, the pressure regulating valve is preferably a 
relief valve that opens after the target flow of oil or more is 
Supplied to the motor cooling circuit and before the pressure 
of oil Supplied to each circuit reaches the withstand pressure 
limit of each circuit. 
By using this type of relief valve, the reliability and dura 

bility of the pressure regulating valve can be increased and 
manufacturing costs can be reduced. 

Consequently, it is possible to achieve improved perfor 
mance and a cost reduction for the vehicle drive system. 

In the vehicle drive system described above, a cover of the 
motor generator is preferably formed with an oil passage that 
connects to the oil pump, and at least part of a connection 
portion among the oil passage, the cooler circuit, and the 
lubricating circuit. 

If the pressure regulating valve is provided, the cover of the 
motor generator is preferably formed with an oil passage that 
connects to the oil pump, and at least part of a connection 
portion among the oil passage, the cooler circuit, and the 
lubricating circuit, and provided with the pressure regulating 
valve. 

Thus, components near the connection portion can be pro 
vided consolidated in the cover, which achieves good space 
efficiency and downsizing of the vehicle drive system. If the 
pressure regulating valve is provided, the connection portion 
and the pressure regulating valve are arranged near one 
another, which enables Swift regulation of the hydraulic pres 
Sure of each circuit. Thus, an in-circuit hydraulic pressure 
increase can be reliably Suppressed. 

In the vehicle drive system described above, if the pressure 
regulating valve is provided, the cover of the motor generator 
is preferably provided with the oil pump, and a return oil 
passage that connects the discharge port of the pressure regu 
lating valve and the intake port of the oil pump. 

Thus, the return oil passage can be made short so that oil 
discharged from the pressure regulating valve can be effi 
ciently returned to the oil pump. Therefore, the efficiency of 
the oil pump can be improved because of the improved return 
of oil. 

According to a vehicle drive system of the present inven 
tion, as described above, a motor generator can be efficiently 
cooled while Suppressing an in-circuit hydraulic pressure 
increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing that shows the constitution of a hydrau 
lic circuit of a drive system according to an embodiment; 

FIG. 2 is a drawing that shows the schematic constitution 
near a cover of a motor generator MG2 of a vehicle drive 
system as viewed from a front planetary gear unit side; 

FIG. 3 is a cross-sectional view taken along a line A-A in 
FIG. 2: 

FIG. 4 is a cross-sectional view taken along a line B-B in 
FIG. 2: 

FIG. 5 is a drawing for explaining an open valve charac 
teristic of a relief valve; 

FIG. 6 is a drawing that shows the relief valve in FIG. 3 in 
an open state; 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Hereinafter, a specific preferred embodiment of a vehicle 
drive system according to the present invention will be 
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4 
described in detail based on the drawings. The present 
embodiment is an example that applies the present invention 
to a drive system installed in a hybrid vehicle. The vehicle 
drive system according to the present embodiment will be 
described with reference to FIGS. 1 to 4. FIG. 1 is a drawing 
that shows the constitution of a hydraulic circuit of the drive 
system according to the embodiment. FIG. 2 is a drawing that 
shows the schematic constitution near a cover of a motor 
generator MG2 of the vehicle drive system as viewed from a 
front planetary gear unit side. FIG. 3 is a cross-sectional view 
taken along a line A-A in FIG. 2. FIG. 4 is a cross-sectional 
view taken along a line B-B in FIG. 2. 
As shown in FIG. 1, a drive system 11 according to the 

present embodiment includes a hydraulic control device 10, a 
motor generator MG1, a front planetary gear unit 12, a motor 
generator MG2, and arear planetary gear unit 13. The hydrau 
lic control device 10 includes an oil pump 20, an oil cooler 21, 
a cooler circuit 22, a motor cooling circuit 23, a lubricating 
circuit 24, and a relief valve 25. The majority of the hydraulic 
control device 10 is incorporated within the drive system 11. 
The hydraulic control device 10 enables oil (ATF) to be 
supplied to the motor generators MG1, MG2, and the plan 
etary gear units 12, 13 inside the drive system 11. Note that, 
in the drive system 11, power from an engine not shown in the 
drawing and power from the motor generator MG2 is output 
through the front planetary gear unit 12 and the rear planetary 
gear unit 13. 
The oil pump 20 Suctions oil accumulated in an oil pan 26 

and supplies the oil to the circuits 22, 23, 24. As the oil pump 
20, one of a mechanical oil pump driven by the engine (not 
shown in the drawing) and an electric oil pump driven by an 
electric motor (not shown in the drawing), or both the 
mechanical oil pump and the electric oil pump may be pro 
vided. In the present embodiment, the mechanical oil pump is 
used as the oil pump 20 (see FIG. 4). The oil pump 20 is 
accommodated inside a cover 61 of the motor generator MG2 
(see FIG. 4). The oil pump 20 is designed to suction oil from 
an intake port 20a and discharge oil from a discharge port 
20b. The oil pump 20 is connected to a strainer 27 through an 
intake oil passage 30. 
The strainer 27 is provided between the oil pan 26 and the 

intake port 20a of the oil pump 20. When the oil pump 20 
suctions oil accumulated in the oil pan 26, the strainer 27 
serves as a filter for removing foreign matter contained in the 
oil. 
The strainer 27 and the intake port 20a of the oil pump 20 

are connected through the intake oil passage 30. 
The discharge port 20b of the oil pump 20 is connected to 

a Supply oil passage 31. The Supply oil passage 31 is provided 
inside the cover 61 of the motor generator MG2. The cooler 
circuit 22 and the lubricating circuit 24 are connected in 
parallel with respect to the Supply oil passage 31. Specifically, 
at a connection portion 32, the Supply oil passage 31, the 
cooler circuit 22, and the lubricating circuit 24 are connected. 
Thus, oil flowing through the Supply oil passage 31 branches 
at the connection portion 32 and respectively flows to the 
cooler circuit 22 and the lubricating circuit 24. As shown in 
FIG.3, the connection portion 32 is formed by spaces that are 
formed between the cover 61 of the motor generator MG2and 
a case 60. In other words, the cover 61 of the motor generator 
MG2 is provided with part of the connection portion 32. In 
addition, the cover 61 is provided with a bearing on one end 
of the motor generator MG2. Note that the case 60 is provided 
with a bearing on another end of the motor generator MG2. 
The cooler circuit 22 is a hydraulic circuit that supplies oil 

to the oil cooler 21 to cool the oil. The cooler circuit 22 
includes the oil cooler 21, a cooler oil passage 33 that is 
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formed inside the case 60 of the drive system 11, a cooler hose 
34 that connects the cooler oil passage 33 to the entrance of 
the oil cooler 21, and a coolerhose 35that connects the exit of 
the oil cooler 21 to a main oil passage 36 of the motor cooling 
circuit 23. The oil cooler 21 and the cooler hoses 34, 35 
among the cooler circuit 22 are provided outside the drive 
system 11. Therefore, as shown in FIGS. 1 and 2, the case 60 
of the drive system 11 is formed with ports 65, 66 that connect 
to the cooler hoses 34,35. Thus, oil discharged to outside the 
case 60 from the port 65 and cooled by the oil cooler 21 is 
returned to inside the case 60 through the port 66. 
As shown in FIG. 1, the motor cooling circuit 23 is con 

nected in series on the downstream side of the cooler circuit 
22. Thus, oil cooled by the oil cooler 21 is supplied in this 
state to the motor cooling circuit 23. The motorcooling circuit 
23 is a hydraulic circuit that Supplies oil to the motor genera 
tors MG1, MG2 to cool the motor generators MG1, MG2. 
The motor cooling circuit 23 is provided inside the case 60, 
and has the main oil passage 36, a first branch oil passage 37. 
and a second branch oil passage 38. An end of the main oil 
passage 36 is connected to the cooler hose 35 (port 66). 
Another end of the main oil passage 36 is connected to the 
first branch oil passage 37 and the second branch oil passage 
38. In other words, the first branch oil passage 37 and the 
second branch oil passage 38 branch off from the main oil 
passage 36. Oil is supplied to the motor generator MG1 
through the first branch oil passage 37, and oil is supplied to 
the motor generator MG2 through the second branch oil pas 
sage 38, thus respectively cooling the motor generators MG1, 
MG2. 
The lubricating circuit 24 connected in parallel with the 

cooler circuit 22 to the supply oil passage 31 by the connec 
tion portion 32 is a hydraulic circuit that supplies oil to lubri 
cation elements, such as the front planetary gear unit 12 and 
the rear planetary gear unit 13, inside the drive system 11. The 
lubricating circuit 24 is also provided inside the case 60, and 
has a main oil passage 39, a first branch oil passage 40, a 
second branch oil passage 41, and a third branch oil passage 
42. An end of the main oil passage 39 is connected to the 
Supply oil passage 31 and the cooler oil passage 33 by the 
connection portion32. Another end of the main oil passage 39 
is connected to the first branch oil passage 40, the second 
branch oil passage 41, and the third branch oil passage 42. In 
other words, the first branch oil passage 40, the second branch 
oil passage 41, and the third branch oil passage 42 branch off 
from the main oil passage 39. 

Oil is supplied to the front planetary gear unit 12 through 
the first branch oil passage 40, and oil is supplied to the rear 
planetary gear unit 13 through the second branch oil passage 
41. Note that the present embodiment provides the third 
branch oil passage 42, and through this oil passage 42 oil is 
supplied to the axial center of the motor generator MG2 to 
increase the cooling efficiency of the motor generator MG2. 
However, it is not necessary to provide this type of branch oil 
passage 42. Each of the branch oil passages 40, 41, 42 is 
respectively provided with orifices 40a, 41a, 42a. Each of the 
orifices 40a, 41a, 42a correspond to oil holes formed in shafts 
and gears. Due to the orifices 40a, 41a, 42a, the lubricating 
circuit 24 has greater oil passing resistance compared to the 
cooler circuit 22 and the motor cooling circuit 23. Thus, more 
oil supplied from the oil pump 20 flows toward the cooler 
circuit 22 at the connection portion 32. 
The main oil passage 39, which is an upstream portion of 

the lubricating circuit 24, is also provided with an orifice 39a. 
As shown in FIG. 3, the orifice 39a is provided in an oil pump 
cover 62. In the hydraulic control device 10, the proportion of 
the oil flow of the motor cooling circuit 23 to the oil flow of the 
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6 
lubricating circuit 24 is adjusted by the orifice 39a. Thus, a 
required flow of oil for the motor cooling circuit 23 can be 
reliably secured. In the present embodiment, the diameter of 
the orifice 39a is determined such that the oil flow of the 
motor cooling circuit 23 is approximately two to four times 
that of the lubricating circuit 24. 
As shown in FIG. 1, the relief valve 25 is provided in the 

main oil passage 39. Specifically, an input port 25a of the 
relief valve 25 is connected to the main oil passage 39 (up 
stream of the orifice 39a). An output port 25b of the relief 
valve 25 is connected to the intake port 20a of the oil pump 20 
through a return oil passage 43. Thus, opening the relief valve 
25 causes oil flowing from the output port 25b to return to the 
intake port 20a of the oil pump 20. Note that oil flowing from 
the output port 25b can also be returned to the oil pan 26. 
The relieve valve 25 regulates the pressure of oil supplied 

from the oil pump 20 such that a target flow of oil or more is 
supplied to the motor generators MG1, MG2 through the 
motor cooling circuit 23 at less thana withstand pressure limit 
of the circuits 22 to 24. Therefore, as shown in FIG. 5, in the 
relief valve 25, a valve opening pressure is set such that the 
relief valve 25 opens after the target flow of oil or more is 
supplied to the motor generator MG2 and before the pressure 
of oil supplied from the oil pump 20 reaches a withstand 
pressure limit Plim of the circuits 22 to 24. The oil flow after 
the relief valve 25 opens does not drop to a target flow to be 
supplied to the motor generator MG1. Note that FIG. 5 is a 
drawing for explaining an open valve characteristic of the 
relief valve 25. The target flows shown in FIG. 5 indicate the 
maximum oil flows required for cooling the motor generators 
MG1, MG2. 

Note that, in the present embodiment, a target value of the 
oil flow to be supplied to the motor generator MG2 is greater 
than a target value of the oil flow to be supplied to the motor 
generator MG1. However, depending on the vehicle specifi 
cations, the target value of the oil flow to be supplied to the 
motor generator MG1 may be greater than or the same as the 
target value of the oil flow to be supplied to the motor gen 
erator MG2. 
By providing this type of relief valve 25, a drop in the 

efficiency of the oil pump 20 and circuit damage caused by a 
rise in hydraulic pressure inside the circuits 22 to 24 can be 
reliably suppressed. Because the output port 25b of the relief 
valve 25 is connected to the intakeport 20a of the oil pump 20. 
oil flowing from the relief valve 25 directly returns to the oil 
pump 20 without returning to the oil pan 26. This decreases 
the amount of oil that the oil pump 20 intakes from the oil pan 
26, and the pressure loss when oil passes through the strainer 
27 can be reduced accordingly. Therefore, the efficiency of 
the oil pump 20 can be improved. The oil pump 20 can also be 
downsized as a consequence, which lowers the cost of the 
hydraulic control device 10 and thus the drive system 11. 
The relief valve 25 is used as a pressure regulating valve 

that regulates the hydraulic pressure in the circuits 22 to 24. 
Therefore, in addition to increasing the reliability and dura 
bility of the pressure regulating valve, a cost reduction can 
also be achieved. Consequently, it is possible to achieve 
improved performance and a cost reduction for the hydraulic 
control device 10 in the drive system 11. 
As shown in FIG. 4, the relief valve 25 is disposed near the 

oil pump 20 inside the cover 61 of the motor generator MG2. 
Therefore, as shown in FIG.3, the return oil passage 43 can be 
made extremely short. It is thus possible to return oil flowing 
from the relief valve 25 to the oil pump 20 with extremely 
high efficiency. Therefore, the efficiency of the oil pump 20 
can be further improved because of the improved return of oil. 
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In addition to the oil pump 20 and the relief valve 25, the 
Supply oil passage 31 and part of the connection portion 32 
are provided inside the cover 61. Thus, components near the 
connection portion 32 are provided consolidated in the cover 
61, which achieves good space efficiency and good vehicle 
installability for the hydraulic control device 10. As a conse 
quence, a more downsized drive system 11 can be achieved. 

Next, the operation of the hydraulic control device 10 in the 
drive system 11 described above will be described with ref 
erence to FIG. 6. FIG. 6 is a drawing that shows the relief 
valve in FIG. 3 in an open state. First, when the oil pump 20 
is driven, oil accumulated in the oil pan 26 is intaken by the oil 
pump 20 through the intake oil passage 30. Oil suctioned by 
the oil pump 20 passes through the strainer 27, and foreign 
matter is removed from the oil at such time. Oil suctioned by 
the oil pump 20 has its pressure increased inside the pump, 
and is then discharged from the oil pump 20. Oil discharged 
from the oil pump 20 flows into the connection portion 32 
through the Supply oil passage 31. Oil flowing into the con 
nection portion 32 branches and flows to the cooler oil pas 
sage 33 and the main oil passage 39. At such time, because the 
orifice 39a is provided in the main oil passage 39, the oil flow 
in the cooler oil passage 33 is approximately two to four times 
the oil flow in the main oil passage 39. 

Oil flowing into the cooler oil passage 33 is supplied to the 
oil cooler 21 through the cooler hose 34 and cooled by the oil 
cooler 21. The cooled oil is supplied to the motor cooling 
circuit 23 through the cooler hose 35. In the motor cooling 
circuit 23, oil flowing into the main oil passage 36 is Supplied 
to the first branch oil passage 37 and the second branch oil 
passage 38. Oil supplied to the first branch oil passage 37 is 
then supplied to the motor generator MG1, thus cooling the 
motor generator MG1. Similarly, oil supplied to the second 
branch oil passage 38 is supplied to the motor generator MG2. 
thus cooling the motor generator MG2. 
A flow of oil that is approximately two to four times that of 

the lubricating circuit 24 is Supplied to the motor cooling 
circuit 23. Therefore, the motor generators MG1, MG2 can be 
efficiently cooled. Note that, because the cooler circuit 22 and 
the motor cooling circuit 23 have little oil passing resistance, 
the hydraulic pressure inside the circuits does not increase 
even with a large oil flow. In addition, the motor cooling 
circuit 23 is connected in series to the cooler circuit 22. 
Therefore, the motor generators MG1, MG2 can be cooled 
using oil that has been cooled. Therefore, a Sufficient cooling 
effect can be obtained even if the oil flow supplied to the 
motor cooling circuit 23 is suppressed. Thus, the motor gen 
erators MG1, MG2 can be surely cooled even without using a 
high-capacity pump for the oil pump 20. A more downsized 
oil pump 20 compared to a conventional pump can be 
achieved as a consequence, which downsizes the hydraulic 
control device 10 and thus the drive system 11. 

Meanwhile, although the lubricating circuit 24 has large oil 
passing resistance, most oil supplied from the oil pump 20 
flows to the cooler circuit 22 and the motor cooling circuit 23, 
so a large amount of oil does not flow to the lubricating circuit 
24. For this reason, the hydraulic pressure inside the lubricat 
ing circuit 24 does not increase. Accordingly, in the hydraulic 
control device 10, circuit damage can be suppressed and the 
efficiency of the oil pump 20 can be improved while also 
Suppressing a hydraulic pressure increase inside the circuits. 

Here, the hydraulic control of the hydraulic control device 
10 is performed by the relief valve 25. Specifically, as shown 
in FIG. 5, the rotational speed of the oil pump 20 increases 
with an increase in the engine speed. Therefore, the oil flow 
Supplied to the motor cooling circuit 23 and the in-circuit 
hydraulic pressure both increase. As evident from FIG. 5, an 
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8 
oil flow required for cooling the motor generators MG1, MG2 
is secured at such time. The relief valve 25 opens after the oil 
flow supplied to the motor generator MG2 exceeds the target 
flow and before the withstand pressure limit Plim of the 
circuits 22 to 24 is reached. By opening the relief valve 25, the 
oil flow supplied to the motor cooling circuit 23 decreases and 
the in-circuit hydraulic pressure also decreases. Once the 
relief valve 25 is opened, even if the rotation of the oil pump 
26 increases, the oil flow Supplied to the motor cooling circuit 
23 and the in-circuit hydraulic pressure remain constant. 
Therefore, in the hydraulic control device 10, the in-circuit 
hydraulic pressure does not increase to the circuit withstand 
pressure limit Plim. 

Even after opening the relief valve 25, the target flow of oil 
or more can be supplied to the motor generator MG1. Note 
that the oil flow required for cooling the motor generator 
MG2 is less than the target flow shown in the drawing in a 
high engine speed region, and the oil flow required for cooling 
the motor generator MG2 is secured even after opening the 
relief valve 25. 

Following opening of the relief valve 25, excessive oil is 
returned from the output port 25b of the relief valve 25 to the 
intake port 20a of the oil pump 20 instead of the oil pan 26 
through the return oil passage 43. This decreases the amount 
ofoil that the oil pump 20 intakes from the oil pan 26, and the 
pressure loss when oil passes through the strainer 27 is 
reduced accordingly. Therefore, the efficiency of the oil pump 
20 can be improved. This point also contributes to downsizing 
the oil pump 20 and reducing the cost of the hydraulic control 
device 10. 

According to the drive system 11 of the present embodi 
ment described in detail above, the motor cooling circuit 23 is 
arranged in series with and downstream of the cooler circuit 
22. Therefore, oil cooled by the oil cooler 21 can be directly 
supplied to the motor cooling circuit 23. The cooler circuit 22 
is arranged parallel to the lubricating circuit 24, which has 
large oil passing resistance, with respect to the oil pump 20. 
This facilitates the flow of oil discharged from the oil pump 20 
toward the cooler circuit 22 so that a large flow of oil can be 
Supplied to the motor cooling circuit 23. Thus, since a large 
flow of cooled oil can be supplied to the motor cooling circuit 
23, the motor generators MG1, MG2 can be efficiently 
cooled. 

Here, because the motor cooling circuit 23 has little oil 
passing resistance, the in-circuit hydraulic pressure does not 
increase even with a large oil flow. Meanwhile, although the 
lubricating circuit 24 has large oil passing resistance, a large 
amount of oil does not flow to the lubricating circuit 24 so the 
in-circuit hydraulic pressure does not increase. Thus, accord 
ing to the drive system 11, circuit damage can be Suppressed 
and the efficiency of the oil pump 20 can be improved while 
also suppressing a hydraulic pressure increase inside the cir 
cuits. 

Note that the embodiment described above is only meant to 
illustrate an example and does not limit the present invention 
in any manner, various improvements and modifications are 
obviously possible without departing from the scope of the 
invention. For example, although the embodiment described 
above uses the relief valve 25 as a pressure regulating valve, 
a pressure regulating valve other than a relief valve may also 
be used. In addition, the embodiment described above has a 
configuration that includes a return oil passage on the output 
port of the pressure regulating valve, but a configuration that 
does not include the return oil passage may also be used. 
The embodiment described above illustrates an example in 

which the present invention is applied to the drive system 11 
that includes two motor generators and planetary gear units. 
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However, the present invention may also be applied to a drive a connection portion among the oil passage, the cooler 
System that includes three or more motor generators and circuit, and the lubricating circuit, and provided with the 
planetary gear units, or a drive system that includes only one pressure regulating valve. 
motor generator and planetary gear unit. 11. The vehicle drive system according to claim 10, 

s wherein 
What is claimed is: the cover of the motor generator is provided with the oil 
1. A vehicle drive system, comprising: pump, and a return oil passage that connects the dis 
a motor generator; charge port of the pressure regulating valve and the 
a gear group having a plurality of gears; intake port of the oil pump. 
a motor cooling circuit for cooling the motor generator; 12. The vehicle drive system according to claim 2, wherein 
a lubricating circuit for lubricating the gear group: a cover of the motor generator is formed with an oil passage 
a cooler circuit in which an oil cooler is provided; that connects to the oil pump, and at least part of a 
an oil pump that supplies oil to each circuit; and connection portion among the oil passage, the cooler 

circuit, and the lubricating circuit. lati lve that lat foil a pressure regulating valve that regulates a pressure of o1 13. The vehicle drive system according to claim 1, further 
Supplied to each circuit; and comprising: an intake port of the pressure regulating valve is provided 
in a main oil passage of a lubricating oil passage a pressure regulating valve that regulates a pressure of oil 
wherein s discharged from the oil pump and supplied to each cir 

the motor cooling circuit is arranged in series with and th Cult, Ful ti 1 lates such that a target e pressure aung Valve regulates a large 
downstream of the cooler circuit, and 2O flow of oil or more is supplied to the motor cooling the lubricating circuit is arranged parallel to the cooler - - - 
circuit with respect to the oil pump. circuit, and the pressure of the oil stays within a with 

2. The vehicle drive system according to claim 1, wherein G p sit of each circuit, R lve i 
the lubricating circuit has greater oil passing resistance a C1SC s por R e Prs ating Valve is con 

than the motor cooling circuit and the cooler circuit. nected to an intake port of the oil pump. 14. The vehicle drive system according to claim 13, 
wherein 

the pressure regulating valve is a relief valve that opens 
after the target flow of oil or more is supplied to the 
motor cooling circuit and before the pressure of oil sup 
plied to each circuit reaches the withstand pressure limit 
of each circuit. 

15. The vehicle drive system according to claims 14, 
wherein 

a cover of the motor generatoris formed with an oil passage 
that connects to the oil pump, and at least part of a 
connection portion among the oil passage, the cooler 
circuit, and the lubricating circuit. 

16. The vehicle drive system according to claim 13, 
wherein 

the cover of the motor generator is formed with the oil 
passage that connects to the oil pump, and at least part of 
a connection portion among the oil passage, the cooler 
circuit, and the lubricating circuit, and provided with the 
pressure regulating valve. 

17. The vehicle drive system according to claim 16, 
wherein 

the cover of the motor generator is provided with the oil 
pump, and a return oil passage that connects the dis 
charge port of the pressure regulating valve and the 
intake port of the oil pump. 

18. The vehicle drive system according to claim 14, 
wherein 

the cover of the motor generator is formed with the oil 
passage that connects to the oil pump, and at least part of 
a connection portion among the oil passage, the cooler 
circuit, and the lubricating circuit, and provided with the 
pressure regulating valve. 

19. The vehicle drive system according to claim 18, 
wherein 

the cover of the motor generator is provided with the oil 
pump, and a return oil passage that connects the dis 
charge port of the pressure regulating valve and the 
intake port of the oil pump. 

3. The vehicle drive system according to claim 2, wherein 
an upstream portion of the lubricating circuit is provided 

with an orifice. 
4. The vehicle drive system according to claim 3, further 

comprising: 30 
the pressure regulating valve regulates a pressure of oil 

discharged from the oil pump and supplied to each cir 
cuit, wherein 

the pressure regulating valve regulates such that a target 
flow of oil or more is supplied to the motor cooling is 
circuit, and the pressure of the oil stays within a with 
stand pressure limit of each circuit. 

5. The vehicle drive system according to claim 4, wherein 
a discharge port of the pressure regulating valve is connected 
to an intake port of the oil pump. 40 

6. The vehicle drive system according to claim 5, wherein 
the pressure regulating valve is a relief valve that opens 

after the target flow of oil or more is supplied to the 
motor cooling circuit and before the pressure of oil sup 
plied to each circuit reaches the withstand pressure limit as 
of each circuit. 

7. The vehicle drive system according to claim 6, wherein 
a cover of the motor generator is formed with an oil passage 

that connects to the oil pump, and at least part of a 
connection portion among the oil passage, the cooler so 
circuit, and the lubricating circuit. 

8. The vehicle drive system according to claim 5, wherein 
the cover of the motor generator is formed with the oil 

passage that connects to the oil pump, and at least part of 
a connection portion among the oil passage, the cooler ss 
circuit, and the lubricating circuit, and provided with the 
pressure regulating valve. 

9. The vehicle drive system according to claim 8, wherein 
the cover of the motor generator is provided with the oil 

pump, and a return oil passage that connects the dis 
charge port of the pressure regulating valve and the 
intake port of the oil pump. 

10. The vehicle drive system according to claim 6, wherein 
the cover of the motor generator is formed with the oil 

passage that connects to the oil pump, and at least part of * : *k. : : 

60 


